Introduction
Sir James Paget published the first comprehensive description of an unusual bony deformity, illustrated by its clinicopathological features in 5 patients, in 1877. His personal term for the condition, based on macro-and microscopic examination of the affected bones, was 'osteitis deformans'. It has subsequently become universally known as Paget's disease of bone.
The aetiology of the disease, however, remains an enigma and its treatment, discussed by Russell (1979) , is symptomatic or palliative rather than curative (although some drug regimens may reverse or even normalize many of the observed anomalies). Several theories for its pathogenesis (Table 1) have arisen from a consideration and integration of the known clinical, epidemiological, radiological, biochemical and pathological features of the disorder, including Paget's own theory of a chronic inflammation.
The observed radiological progression of disease in single (long) bones coupled with results from research into Pagetic bone cell activity indicate that, locally at least, disease begins with a 'wave' of non-physiological osteoclast-mediated osteolysis. It is now widely accepted that Paget's disease is, pathogenetically, an example of a primary osteoclast dysfunction. Consequently research has focused on the control mechanisms involved in normal or abnormal activity of this cell in an attempt to elucidate the pathological trigger factors. An unexpected observation was of an ultrastructural anomaly which has led to the most recent proposal of a viral aetiology for Paget's disease of bone. Rebel et al. (1974) were the first to publish, in French, observations on the atypical ultrastructure of certain bone cells derived from Pagetic biopsies. These workers demonstrated the presence of tubulofilamentous paracrystalline particles in the osteoclast nuclei and cytoplasm. The individual filaments had a measured diameter of 15 nm with a central lucent zone approximately 7 nm in diameter, seen both transversely and longitudinally. Goniometrically, the particle filaments retained these same measurements , which in conjunction with other control observations confirmed their 3-dimensional nature and that they were not processing or technical artefacts. Such inclusions were noted only in osteoclasts and were absent from other bone, connective tissue or haemopoietic cells present in the biopsies. They were noted in every case of Pagetic bone examined. Examples of these structures (from the author's series) are shown in Figure 1 .
Osteoclast abnormality
These findings were published in English only in 1976 . By this time they had been confirmed by Mills & Singer (1976) in the USA and subsequently by Schulz et al. (1977) in Germany, Gherardi et al. (1980) in Italy and Harvey et al. (1982) in the UK. Reports from such geographically disparate groups mirrored and emphasized known epidemiological aspects of the disease (Table 2) . Similarly, all agreed that only the Pagetic osteoclasts contained the observed inclusions and that every single case of Paget's disease was positive. More recently, Mills et al. (1979) demonstrated the presence of these inclusions in bone tissue culture, and Harvey et al. (1982) showed in a preliminary survey that the biopsy inclusion-body load may be related to disease severity as manifested locally. The latter observation is presently being reassessed using more strictly defined 'Based on paper read to Section of Pathology, 15 November 1983. Accepted 9 August 1984 (1) The disease is rare outside mainland UK, parts of (mainly Northern) Europe, parts of the USA and Australasia (2) High incidence foci within geographically-affected zones (3) Variable male: female ratio but always male > female (4) An apparent 'selection' of bones by the disease process i.e. Skull > Vertebrae > Pelvis > Long Bones > Small Bones (5) Possible familial/genetic predisposition (6) Apparent periodicity of disease with the year of birth histomorphometric parameters for comparison and a greater number of proven Pagetic biopsies. Two groups have quantitated the osteoclast inclusion-body load: Mills & Singer (1976) found that 20-40% of all sampled clasts and up to 25% of their individual nuclei were positive, whereas in the author's series (Harvey et al. 1982 ) the figures were 60-100% and 34% (average) respectively. This apparent difference may be due to differences in cell selection for electronmicroscopic examination or sampling at different developmental or therapeutic stages of the disease. It may also depend upon distinct aetiopathogenetic triggers in different parts of the world, or local variation in disease expression as a result of variable 'virulence' of any putative (possibly identical) trigger agent.
The described inclusions are morphologically analogous to those seen in proven paramyxovirus (PMV) infections described by Nakai et al. (1969) in vitro and Kallman et al. (1959) in vivo. The possibility that they are nonspecific condensations of cell protein or processing artefacts has been effectively dismissed by the results of several independent control studies, as discussed in detail by Rebel et al. (1976) and illustrated by Harvey et al. (1982) . A further control series to establish the overall prevalence of these inclusions in osteoarticular lesions (Harvey, in preparation) -which involved the examination of congenital, inherited, traumatic and tumorous bony lesions as well as a similar spectrum of metabolic conditions previously examined by other workershas merely served to emphasize the consistent and absolute presence of such inclusions in Pagetic osteoclasts; their occurrence in nucleus and cytoplasm (but mainly the former), together with their overall appearance, simulated a PMV infectionmeasles or respiratory syncytial virus (RSV). PMV inclusions were, however, detected in giant cells in 2 out of 10 cases of non-Paget's associated giant cell tumours (GCT) of bone examined (Harvey, in finding already documented by Welsh & Meyer (1970) and Le Charpentier et al. (1977) . Mirra et al. (1981) have also recently commented on the inclusion-body positivity of some GCTs complicating Paget's disease. Two further examples of non-Pagetic osteoclast inclusion-body positivity have been identified: the first a peripheral reparative giant cell granuloma from a 28-year-old male and the other a 2-month old Asian suffering from Albers-Sch6nberg disease (osteopetrosis). In all these non-Pagetic lesions, the cellular inclusion body incidence was extremely low (< 10% of sampled cells) compared to Pagetic clasts. The significance of these occasional non-Pagetic inclusion-body-positive lesions will be discussed elsewhere (Harvey et al., in preparation) .
The inclusions are generally accepted as morphological evidence for a viral presence or involvement in the aetiology of Paget's disease. Corroborative evidence has been sought in a variety of ways. The possibility that Paget's disease, like scrapie, kuru, Jakob-Creutzfeld disease, etc., is a chronic, slow virus disorder, has now been added to the theories listed in Table 1 .
Support for a viral aetiology
Hard scientific evidence or proof of a viral aetiology has been considerably hampered by the lack of a suitable animal or laboratory model for the disease. Too close a comparison with subacute sclerosing panencephalitis (SSPE) -itself proven to be of measles aetiology by isolation, propagation and comparative studies (Horta-Barbosa et al. 1969 , Chen et al. 1969 and Oyanagi et al. 1971 respectively) -has confused the issue. For reasons related to attenuation of the viral particle and/or its pathogenetic process, SSPE may not in fact be a particularly relevant model for study. Despite these two problems, there are several areas of support for the viral hypothesis.
Clinicopathological aspects of Paget's disease have several features in common with other proven slow-virus disorders (Table 3 ). In addition, the inclusion-body-bearing osteoclasts have been shown to contain some PMV-type antigens. Rebel et al. (1980) have demonstrated such antigens from measles virus using both immunofluorescence and immunoperoxidase (Heyderman 1979) techniques. Using similar methodology, Mills et al. (1980) have demonstrated similar antigens from RSV and, more recently, elements of both viruses (Mills et al. 1984 )! Basle et al. (1983) have also identified 4 of 6 structural measles antigens in Pagetic osteoclasts, using a monoclonal antibody technique, and emphasized the absence of two antigens associated with viral replication; the significance of this is discussed later. Other workers have had less successful immunohistochemical results, however, suggesting that strict adherence to a specific method may be critical (Woods 1984) .
Attempts to retrieve or grow infectious virions by tissue culture have had, at best, equivocal results (Mills et al. 1979 ). More recent animal experiments, however, do suggest the possibility that a transmissible agent may ultimately give rise to osteosarcoma in the recipient . This is an extremely significant observation with connotations for the aetiopathogenesis of tumorous complications of Paget's disease in the human. The possible interrelationships of these neoplastic lesions have already been alluded to (Harvey et al. 1982 ) and are being further analysed histomorphometrically and immunocytochemically in order to identify common features.
Several investigators have tried to confirm a viral 'infection' in Paget's disease by means of a serological screen for raised antiviral antibody titres. These have focused mainly on straightforward complement fixation (CF) techniques. All those reported have been negative, including the author's own series comparing 19 Pagetic sera to 30 age-and sexmatched controls. Pringle (1984) , however, has implied relative persistence of RSV antigenaemia (? in Paget's particles) on the basis of statistically significant abnormalities of the anti-RSV titres. Again, this is not seen in the author's personal series where RSV titres are universally low.
Perhaps the most relevant technique to apply to this particular situation is viral DNA/RNA probe hybridization, as successfully used in studies of herpes simplex II and carcinoma of the cervix. So far, there have been remarkably few reports of its use and those (7) Possible genetic/familial predisposition publicized have been criticized on the grounds of poor control or methodology.
On the basis of certain epidemiological features (Table 3) , the well documented and reproducible morphological studies and the albeit capricious and often unreproducible immunohistochemical data, several authors have strongly supported the proposed viral aetiology, especially Rebel et al. (1981) , though it has not been simply or uncautiously accepted as fact (Lancet 1982) .
Criticisms of a viral aetiopathogenesis for Paget's disease
The main problems/criticisms of the theory encountered to date are the following:
(1) The absence of a demonstrable immune reaction to the proposed viral antigens.
(2) The inability to recover infectious virions or demonstrate, convincingly, the presence of the viral genome in Pagetic cells.
(3) The possibility that activated giant cells (i.e. the osteoclasts) may ingest nonspecifically any virus present at the time.
(4) The apparent inconsistent immunological results, namely the demonstration of RSV and measles virus alone, or together, in different studies. (5) Finally, the necessity to invoke co-factors or secondary trigger factors in the eventual expression of the disease.
These and other topics were discussed by workers in the field, independent researchers and invited observers at a recent international symposium held by the Medical Research Council in Southampton. The following assessment is based upon the discussions at that meeting, with additional comments from the author of this paper.
Criticisms assessed
A detectable immune reaction in the form of a simple elevation of CF titres (the technique most often quoted) need not necessarily be observed or expected. Integration of virus-coded hereditary nuclear proteins into the osteoclast (or osteoclast precursor) at a time considerably predating their pathogenetic effect could adequately explain the absence of a rising or raised CF titre, normally seen only in acute infections. Similarly, the occult nature of these viral genes, even following their morphological expression as an inclusion body, would prevent extracellular exposure to the immune system. The body defences would then be alerted only if there was a cell surface antigenic mutation, but not by the simple increase in clast lytic activity actually observed with the onset of the disease. The possibility that the virus is, anyway, atypical or attenuated and consequently of altered immunogenicity is supported by the observation by Rebel et al. (1981) of absent 'replication' associated antigens (L+P) . These arguments, however, do not all pertain in SSPE, where blood and cerebrospinal fluid contain an IgM anti-measles antibody (Kiessling et al. 1977) .
The known difficulties of culture-retrieval techniques, as experienced in SSPE, lessen the validity of this criticism. The incomplete or attenuated nature of the proposed Paget's virus as outlined above would also lessen the likelihood of successful culture.
The negative hybridization studies should probably also be ignored as they seem to have relied on incomplete viral genomes with a consequently low potential for recombination in the test situation.
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The argument that activated giant cells nonspecifically take up any free virus with the morphological expression of entrapped virion can be effectively countered in several ways. If this were the case, why are similar findings not seen in a higher incidence and a greater spectrum of other diseases characterized by similar giant osteoclasts, e.g. hyperparathyroidism? Secondly, it would be unrealistic in this case for all the entrapped virus to be PMV-like; surely other viruses such as herpes, cytomegalovirus, polio, etc., would also be encountered? The known fact that viruses, especially PMV, stimulate giant cell production, and that osteoclast lytic activity may be proportional to the nuclear content of the cell, seem more relevant observations and support the viral story! The paradoxical RSV/measles immunohistochemical results do not themselves invalidate this concept. As referred to earlier, they may simply represent two alternative local trigger viruses. These viruses also share many virion components with significant overlap of antigenic determinants. The results may be due to the inability of our relatively crude immunohistochemical preparations and techniques to separate them rather than indicating a true involvement of separate viruses. The results of Mills et al. (1984) showing an apparent dual presence emphasizes this point. Maybe one or more simultaneous trigger viruses are actually involved! The disparity of the known prevalence of measles infection and the geographical distribution of Paget's disease, documented histologically (Collins 1956) and epidemiologically (Detheridge et al. 1982 , Barker et al. 1980 , has resulted in the invocation of co-factors or secondary triggers in the pathogenesis of the disease. Its prevalence in emigrants from high to lower incidence areas (Gardner et al. 1978) further suggests that these secondary agents are themselves acting on a predisposed population. Sofaer (1984) has also highlighted the possibility of a birth-cohort-related cyclical disease incidence. This is, arguably, the hardest criticism to contend with and it remains, as yet, an unexplained problem. Nevertheless, the concept of co-factors has been used effectively to explain other systems as diverse as malaria and Burkitt's tumour, Hodgkin's disease, primary biliary cirrhosis and the development of many malignancies.
Conclusions
Paget's disease is widely accepted as arising from a primary osteoclastic dysfunction. Relative ignorance of the interaction of bone cells at the biochemical level, their communications in maintaining normal bone turnover, the effects of acute virus infections on the former, and the utilization of inadequate virological techniques combined with inconclusive epidemiological/family studies, may have obscured many features of aetiological significance.
Nevertheless, some of Koch's (modified) criteria for establishing a lesion as infective in aetiology have been met. Juvenile exposure to a PMV with integration of virally-coded DNA into the host genome of an osteoclast progenitor population, with clinical expression of Paget's disease at a later date following the effect of one (or more) exogenous or endogenous co-factors, seems the most exciting and tenable hypothesis to date. It does not necessarily exclude previously suggested theories (Table 1) and may indeed integrate with some, e.g. a slowly progressive neoplasm and Paget's own theory.
Increasing sophistication in the application of techniques already in use should help to confirm or refute the viral aetiopathogenetic theory. Its connotations for juvenile tumorigenesis and our understanding of certain giant cell lesions of adults are enormous (Harvey et al., in preparation) . Likewise its results may significantly influence the direction of research into anti-Pagetic therapy.
Finally, as the incidence of Paget's disease is apparently declining (Barker 1984 ) let us hope that our knowledge of the various pathogenetic mechanisms involved, possibly relevant to other diseases, become known before it eventually disappears!
